The aim of the paper was to propose the methodology of testing the abrasion resistance of combined water-proof plywood materials with the phenol-formaldehyde foil surface finish and to assess the surface resistance of a new combined plywood material of a given construction to abrasion. For sheathing, phenol-formaldehyde foils with the low content of resins were used, which are combined with unwoven and woven glass fibres highly resistant to mechanical wear. The paper for phenol-formaldehyde foils manufactured of sulphate pulp (basis weight 60 g/m 2 ) was impregnated by a low-molecular resin with the resin deposit 150% DM (dry matter) per paper DM. To evaluate the newly designed material our testing methodology was prepared in such a way that it will conform to related European standards. It is completed by the method of sampling and preparation of samples for tests including their acclimation. According to our proposal, measurements were carried out of selected constructions of water-resistant plied veneer materials with jackets of various basis weight combined with glass fibres. Data on the abrasion resistance were acquired which can be considered to be reliable. The values of abrasion resistance were assessed with respect to standards valid in the EU which determine fields of their use.
JOURNAL OF FOREST SCIENCE, 54, 2008 (1): 31-39 The surface of materials with glass fibre shows specific properties. Before the actual assessment of abrasion resistance, the methodology of testing the abrasion resistance of combined water-proof plywood materials with the phenol-formaldehyde foil surface finish without and with fibreglass was designed. Water-proof plywood is a large-area material glued by a phenol-formaldehyde adhesive. It is manufactured by the combination of beech, birch and spruce veneers. Water-proof plywoods are manufactured in two versions: -plywoods with double-faced surface finish with a smooth foil; -plywoods with the one side finished with a smooth foil and the other side with a foil subject to antislip treatment.
Lateral edges are treated with coating from effects of moisture. Plywoods treated with a phenol-formaldehyde foil are used where there is an increased risk of damage to the surface by abrasion, e.g. shelves, work platforms, sports floors, work tables, formwork, surface of lorry beds and railway wagons. Thanks to their resistance to water the plywoods can also be used in industries with higher moisture or at places where they will be subject to weather effects (Král, Hrázský 2003) .
All these properties are affected by several factors: type and composition of resin, amount of resin deposit, quality and weight of bearing paper, special admixtures, shape of the pressing plate surface etc. (Soinné 1995) .
In addition to static functions, combined plywood materials also show various special functions, for example thermal and insulation ones. By the combination of these two requirements a material originates which is more suitable as against the use of separate materials (Hrázský, Král 2007) . These advantages consist particularly in price factors but also in the simplicity of production technology and productivity of work. Combined plywood materials are manufactured in smaller amounts than plywoods for construction purposes and the manufacture of formwork.
MATeRiAl And MeTHodS
Several standards deal with testing the abrasion resistance of wood-based materials. The particular methods differ because they examine various types of surfaces. Thus, there arise different requirements for abrasion resistance. The proposed methodology is based on the DIN 53 799 standard, being however completed by the procedure of sampling, preparation and air conditioning of samples in such a way that a well-arranged and integrated instruction for standard users will be created. This standard was used as a starting norm thanks to its high popularity in European manufacturers of plywoods with foil surface finish, particularly in Germany, which belongs to leading countries in the manufacture of plywoods.
Standards Products are sampled from the assessed batch using the method of random sampling. Tests can be carried out on control samples prepared in the process of manufacture as well as on samples prepared under laboratory conditions and showing the same surface as tested products.
To determine the surface properties at least 3 test specimens are necessary from each of the boards. The specimens are taken uniformly with respect to the product dimensions at places where no defect occurs relating to the surface finish.
The abrasion resistance was tested on combined seven-ply plywood boards 15 mm thick manufactured of beech and spruce veneers 1.8 and 3.0 mm thick, respectively. The surface of these boards was treated with single-layer phenol-formaldehyde foils of basis weight 167 g/m 2 . The amount of the phenol-formaldehyde resin deposit ranged from 125 to 145 g/m 2 . Square test specimens of the edge length 100 mm are cut from the board. In the test specimen centre, a hole of 65 mm in diameter is bored for the purpose of fastening to a carrier. The specimen thickness must range between 0.5 and 5 mm. In larger thickness, the lower side has to be worked in parallel with the specimen level (Fig. 2) . The specimen height has to correspond to requirements of a testing machine. If the testing machine does not allow to change the height of pivot points of holding arms, where abrasive disks are placed in such a way that the arms will be sufficiently parallel with the test specimen surface, it is necessary to carry out the working of the lower side of the test specimen.
The principle of tests
The ability of the board decorative surface layer to resist abrasion down to the board base is determined by a test. A rotating test specimen is abraded by the effect of loaded cylindrical abrasive disks with gluedon strips of sanding paper. The force of 5.5 ± 0.2 N acts on each of the abrasive disks. The sanding paper with a self-adhesive layer is glued on the whole girth of rubber disks. The ends of sanding paper are trimmed as necessary in such a way that the sending paper will cover the whole circumference of the rubber disk, however, not being glued crisscross. Abrasive disks are placed in such a way that their cylindrical surfaces will be at the same distance from the axis of rotation of the test specimen, not being however oriented to it tangentially.
By turning the test specimen abrasive disks rotate creating a groove of the annulus shape on the test specimen surface. As the rate of abrasion resistance, the number of revolutions (speed) of a test specimen is used to a certain degree of abrasion.
Preparation of test specimens
The test specimen surface is cleaned by rinsing using an anhydrous organic solvent, e.g. 1,1,1-trichloroethane, which disturbs the test specimen surface. Samples are visually checked before the beginning of the test. Defects found are recorded into a protocol. Before the actual test, samples are acclimatized for 72 hours at least in the environment with air temperature 23 ± 2°C and air relative humidity 50 ± 5%.
Test material and device
Self-adhesive sanding paper of basis weight 70-100 g/m 2 of dust Al 2 O 3 (aluminium oxide) of grain dimensions which fall through the sieve mesh 100 μm, being however caught on the sieve mesh 63 μm. Grains have to be distributed on the paper uniformly. If the sanding paper is not self-adhesive, a double-sided sticky tape is necessary.
Test instrument. Tests are carried out with an instrument called Taber abraser (Fig. 1) . The test principle consists in the determination of the resistance of surface layers of tested boards to resist abrasion to a base. A rotating test specimen fixed onto a carrier is worn by the effect of loaded cylindrical abrasive disks with stuck strips of sanding paper. The disks are placed in such a way their cylindrical areas will be at the same distance from the axis of rotation of the test specimen, not being however oriented tangentially to it.
By turning the test specimen abrasive disks rotate creating a groove of the annulus shape on the test specimen surface. The apparatus consists of a horizontally situated driving disk (7). A test specimen is fastened (6) onto the disk with a clamping screw (5). The carrier rotates at a speed of 55 ± 6 rpm. Speed is taken by a counter. Abrasive disks (3) consist of two cylindrical rubber wheels 12.7 ± 0.1 mm in width and 50 mm in diameter, which freely rotate around the common axis. The cylindrical surface of disks is covered to a depth of 6 mm with rubber (2) of 50 to 55 IRHD hardness according to ISO 48. Inner ends of disks are 50 to 55 mm from each other and their common axis must be at a distance of 20 mm from the vertical axis of the test specimen holder.
Strips of sanding paper (1) are fixed onto the rubber surface. Exhaust necks (4) are placed 1-2 mm above the abrasive zone of a test specimen in such a way that the one neck will be between abrasive disks and the other diametrically opposite. Centres of nozzles have to be 77 mm apart and 2 ± 0.5 mm from the test specimen surface. The exhaust device suction is 1.5 to 1.6 kPa and the device has to exhaust abraded material.
Check test of sanding paper
Two disks are prepared with conditioned unused sanding paper from the same batch that will be used for testing. A zinc plate is fixed onto the test specimen holder, the exhaust device is switched on, a revolution counter is set to zero, disks are started and the zinc plate is abraded at 500 rpm. The zinc plate is cleaned and weighed to the nearest 1 mg. The sanding paper is replaced by new strips of conditioned Fig. 1 . Test device (dimensions in mm) 1 -sanding paper, 2 -rubber, 3 -abrasive disks, 4 -exhaust necks, 5 -clamping screw, 6 -test specimen, 7 -carrier (a disk carrying a sample), 8 -supporting and lifting device
Fig. 2. Test specimen (dimensions in mm)
unused sanding paper from the same batch and the zinc plate is abraded at 500 rpm once more. The zinc plate is cleaned and reweighed to the nearest 1 mg. A decrease in its weight must be 130 ± 20 mg. The batch of sanding paper which causes the weight decrease out of this range must not be used for testing.
Preliminary test
The preliminary test shows if and how often the sanding paper has to be replaced during testing. The test specimen is fastened onto a plate being subject to orientation loading by abrasion at 500 rpm. The sanding paper and the abrasion image are assessed at every 25 revolutions (monitoring period). In particular, it is necessary to follow the uniform course of abrasion. If the sharpness of abrasion on sanding paper is smaller after one or several periods of monitoring, then the replacement of the sanding paper subject to the irregular course of abrasion has to be carried out at a half number of rpm.
Abrasion of the test specimen
The test is carried out immediately after calibration. Two disks are prepared with conditioned unused sanding paper from the same batch that was approved by the last calibration. The disks are placed into the apparatus and the revolution counter is set to zero. The first test specimen is fixed into the holder. It is necessary to ensure that the test specimen surface will be flat. The disks are actuated, the exhaust device is switched on and the test specimen is abraded. The test specimen is fixed to be flat, abrasive disks are put on the test specimen, exhaustion is switched on and turning starts. After every 25 revolutions, the abrasion of the test specimen and filling of the sanding paper with abraded material are checked. The frequency of the sanding paper replacement is The initial point of abrasion occurs when: -the first disturbance of the printed picture is visible in the printed decoration; -in single-coloured decorations the basis (e.g. protective paper, particleboard etc.) is visible. The final point of abrasion occurs when: -in printed decorations some 95% of the printed picture is abraded; -in single-coloured decorations 95% of the basis (e.g. protective paper, plywood etc.) shows through.
Abrasive resistance is calculated as follows:
where: P -initial value of abrasion, K -final value of abrasion.
An arithmetic mean from the results of minimally 3 test specimens is taken as "resistance". Table 1 shows the initial and final points of abrasion in samples without glass fibres inclusive the arithmetic mean, standard deviation and coefficient of variation. Table 2 shows the initial and final points of abrasion in samples with glass fibres inclusive the arithmetic mean, standard deviation and coefficient of variation. Wisa-Trans 500 3,500 Table 3 documents the weights of samples without glass fibres before and after abrasion inclusive the arithmetic mean. Table 4 documents the weights of samples with glass fibres before and after abrasion inclusive the arithmetic mean. Table 5 presents a comparison of the values of abrasion resistance in WISA plywoods. Table 6 presents a comparison of the values of abrasion resistance in FINNFOREST plywoods. 
ReSulTS

diSCuSSion
Abrasion resistance was tested on boards of given thickness and construction. The surface of these boards was treated with single-layer phenol-formaldehyde foils in combination with glass fibres applied onto the sanded and unsanded underlay surface. Ten test specimens from each board were measured. On the basis of measurements, plywoods with glass fibres show higher abrasion resistance than plywoods treated with the foil only. It is caused by the presence of glass fibres. The glass fibre increases abrasion resistance because its strength is substantially higher than the strength of the foil alone. The fibre restrains forces induced by an abrader both in horizontal (rotation) and vertical direction (weight). After cutting through the upper foil to glass fibres there occurred a contact of the sanding strip with glass fibres which resulted in the destruction of the sanding strip margins. It is caused by a fact that sharp facets originate on slightly disturbed fibres which tear the strips.
The plywood which was not equipped with glass fibres showed quite different values of resistance. To cut through, a smaller number of rpm and sanding papers, which are not damaged by sharp edges of disturbed glass fibres, is sufficient. Variations in measurements can be caused by inaccuracies in measurements or by the board quality. The quality of the surface of the last ply of veneers is an important factor affecting abrasion. If the ply is not prepared well, the connection of a veneer with a foil is imperfect after gluing the foil. It results in a decrease of the initial point of abrasion when the places with rough surface are cut through earlier than the well foliated parts. The uniformity of glue spread below the foil ranks among other important factors affecting abrasion resistance. If the spreads differ markedly, faster cutting through occurs at the place of the thinner layer of the adhesive. On the other hand, the thicker layer of the adhesive is cut through for a longer time. Of course, it does not mean that higher layers of the glue are always suitable. The foil quality and kind are no less important aspects of abrasion resistance. The values of similar products obtained from foreign companies WISA (Finland) and FINNFOREST (Finland) serve for the purpose of comparison. Face veneers of these products are of birch except spruce boards Metsä-Form and Wisa-Form Spruce. All plywoods are reground before gluing the foil. Sheathing is carried out using a single-layer or multi-layer phenol-formaldehyde foils of a basis weight from 120 to 880 g/m 2 . The comparison of values measured at our workplace and values provided by WISA and FINNFOREST manufacturers is rather problematic because only one tested kind of plywood is available. Plywoods differ in many factors.
ConCluSion
The aim of the paper was to propose the methodology of testing the abrasion resistance of combined water-proof plywood materials with the surface finish of phenol-formaldehyde foils and to assess abrasion resistance of two different surface treatments applied onto these materials.
The methodology proposed is based on DIN 53 799 standard completed by the procedure of sampling, preparation and acclimatization of samples in such a way that a well-arranged and integrated instruction for common users will be created. This standard was used as an initial norm thanks to its high popularity in European manufacturers of plywoods with the foil treatment of surface particularly in Germany, which belongs to leading countries in the manufacture of plywoods.
According to the methodology proposed by our workplace we carried out measurements of selected samples of combined plywood boards with two types of surface foil. Data acquired from our research results concerning the abrasion resistance can be considered to be reliable in plywood without glass fibres, because the coefficient of variation does not exceed 6%. On the other hand, in the case of using glass fibres the coefficient of variation increased to 14%, which was caused particularly by one sample with the extremely high final point of abrasion. If this sample were excluded from measurements, the coefficient of variation would decrease and the measurement could be considered as reliable.
Boards including glass fibres are (thanks to their higher point of abrasion) suitable where the higher load of a construction occurs. On the other hand, boards without glass fibres are more suitable where constructions are less loaded, e.g. working boards of tables.
The comparison of boards in which our measurements were carried out with boards of other manufacturers is rather complicated because these products differ in many aspects, e.g. tree species of the underlying veneer, its treatment, surface design, and also the procedure of the abrasion resistance measurement.
